Dual-wavelength (dual-λ) lasers are needed for applications that include distance and position measurement, as sources in DVD and CD readers and for bio-photonic applications. Here we describe structures that exploit quantum dot (QD) properties to produce lasers that emit at two well-defined wavelengths at the same time and on the same optical axis.
Dual-wavelength (dual-λ) lasers are needed for applications that include distance and position measurement, as sources in DVD and CD readers and for bio-photonic applications. Here we describe structures that exploit quantum dot (QD) properties to produce lasers that emit at two well-defined wavelengths at the same time and on the same optical axis.
Simultaneous dual-state lasing in the same spatial location is usually difficult to achieve or to control in a semiconductor because stimulated recombination at a particular energy competes for carriers undergoing similar processes at other energies. Semiconductor lasers will emit two wavelengths but more normally, emit multiple or with one dominating wavelength. Approaches have been suggested to produce more reliable dual-λ operation, many based on lasing in a different spatial position to avoid or mitigate the direct competition for excited carriers [e.g. 1, 2] but these are not suitable for many of the potential applications. For lasing in the same space the modes should not interact with the same set or pool of excited electrons and so must be separated in energy by more than the homogenous linewidth [3] . Furthermore, carriers must not move between the two carrier pools, or the states in which they exist, on a shorter timescale than the recombination process that removes carriers from those excited states. The latter requirement, equivalent to a lack of a thermal equilibrium between the energy states, is difficult to achieve in most semiconductors at elevated temperature, but can be met using QDs [4] and here we utilise InP quantum dots grown on GaAs substrates that cover wavelengths from 650-780 nm [5] . We fabricated a device comprising two electrically independent sections and separated by a deepetched DBR grating as shown in figure 1. The inhomogeneous broadening introduced by the dot material allows simultaneous operation at the two wavelengths. The short cavity formed by section one has a relatively high optical loss per unit length and therefore emits at a shorter wavelength (utilising higher energy states). The second cavity has a relatively low optical loss and lases on a longer wavelength utilising lower energy states. Time-resolved images of emission spectra (obtained using a streak camera) indicate that the two lasing modes emit simultaneously when applying the appropriate injection ratio. In figure 2 , the lasing spectrum resulting from driving both sections at 120 mA and 35 mA respectively and at a temperature of 300 K is superimposed over the gain spectra, measured using a stripe length method. This indicates the maximum gain spectrum width can be exploited with the device of figure 1 leading to a 62.5 nm lasing wavelength separation. It will be appreciated that by varying the optical-mirror loss of section one, by either altering its length or the reflectivity stop-band of the centre DBR, the difference-wavelengths can be altered. The ability to source a wide range of wavelengths is made possible by the large gain bandwidth, resulting from the large inhomogeneous distribution in dot size. In QD material the temperature dependence of emission wavelengths varies with the optical-loss of the laser as described in ref [6] . This means that the separation of the lasing wavelengths can be fine-tuned using the operating temperature. The temperature tuning of the difference-wavelength is approximately linear with temperature and varies at ≈ 0.11 nm/K for a laser with a 300 K wavelength separation of 62.5 nm. It is apparent that the stability, or range of pumping conditions over which dual-mode operation can be achieved is dependent on the difference in the gain requirement of the two modes, the way carriers distribute amongst the dot states involved, and how effectively the centre grating operates as a selective filter. Figure 3 shows that the light level at the short wavelength remains relatively fixed for changes in current applied to section two. Conversely, varying the current applied to section one causes the light output at both wavelengths to change. Further details are reported in reference [7] .
In summary a two-section dual-wavelength diode laser incorporating distributed Bragg reflectors (DBRs), with a peak-wavelength separation of 62.5 nm at 300 K has been demonstrated. A difference wavelength tuning with temperature of 0.11 nm/K was achieved. Starting from an initial condition when the output at both wavelengths are equal, a 500 % increase in the long wavelength output causes the short wavelength output to fall by only 6 %.  long (I S2 fixed)  short (I S2 fixed)  short (I S1 fixed)  long (I S1 fixed)
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